A polymerase chain reaction (PCR) test was compared with culture for the detection and diagnosis of bovine Mycoplasma intramammary infection. The PCR test was applied to 24-hour Mycoplasma enrichment cultures of milk from cows with suspected mastitis and from bulk tank milk. In comparison to culture, the sensitivity and specificity of the PCR method were 96.2% and 99.1% for individual cow milk and 100% and 99.8% for the bulk tank milk, respectively. However, in discrepant cases where PCR was positive and culture was negative, the PCR test was correct; subsequent PCR tests and culturing of the individual cow's milk yielded positive results. The PCR test simultaneously detected and differentiated among 11 bovine Mycoplasma species.
Mycoplasmal intramammary infection (IMI) of dairy cattle is a serious condition that can result in milk loss and elimination of infected animals from a herd. 2, 6, 11, 12 Mycoplasmal mastitis is also difficult to treat effectively because the organism can persist despite antibiotic treatment and can lead to a chronic, subclinical state of infection. 9, 10, 12 Because a mycoplasmal IMI can be clinical, subclinical, or chronic, routine screening of bulk milk tanks is beneficial in detecting the presence of mycoplasmas. 3 Early detection is critical in preventing disease and spread to other herd animals. If detected in a bulk tank, individual animals can be tested and identified. Though an infected animal may not exhibit signs of clinical mastitis, a mycoplasmal IMI is still possible, and proper control procedures can be implemented upon identification of the animal.
With traditional detection methods, complex media are used for the propagation and isolation of mycoplasmas. 4, 7 Preparation of the medium is a tedious and time-consuming process. Subsequent subculturing for identification may take 5-10 days. 3, 5, 7, 12 A sensitive polymerase chain reaction (PCR) test was applied to reduce the time required for detection of mycoplasmas and to identify the Mycoplasma species responsible for an outbreak.
Materials and methods
Organisms. Specimen preparation. Milk was collected from dairy bulk milk tanks or from individual cows suspected of clinical or subclinical mastitis. Extracted milk was prepared by centrifugation after mixing a small aliquot with an equal volume of chloroform. For enrichment cultures, 100 l of milk was inoculated into 2.5 ml of modified Friis broth. 4 Broth was then incubated at 37 C for 20-24 hr in 5% CO 2 . These specimens and their dilutions were used in the PCR assay.
Culturing. After 24 hr of incubation of the enrichment broth, 100 l of broth was plated on to Friis agar and incubated in 5% CO 2 at 37 C for 5 days for the development of typical Mycoplasma colonies. Species identification (M. bovis, M. bovigenitalium, M. alkalescens, M. canandense) was performed with specific (indirect) immunofluorescence. 7 Digitonin disk sensitivity testing was performed on atypical colony types to distinguish between Mycoplasma and Acholeplasma. 7 PCR. Primers were previously developed 13 and are available commercially. c The flank primers were F1 (ACACCA-TGGGAGCTGGTAAT) and R1 (CTTCATCGACTTTCA-GACCCAAGGCAT), and the nested primers were F2 (GTTCTTTGAAACTGAAT) and R2 (GCATCCAC-CAAAAACTCT). The flank primers amplify the spacer region between the 16S and 23S ribosomal RNA (rRNA) regions of the genome. The F2 primer anneals within the spacer region, and the R2 binds near the 3Ј end of the 23S rRNA sequence. Beginning with the flank reaction, each individual 50-l reaction mixture consisted of 3.0 mM MgCl 2 , 1 mM Tris buffer (pH 8.3), 0.2 M of the dNTPs, 0.5 mM of each flank primer, and 1.2 units of Taq polymerase. d To each individual reaction, 1 l of specimen was added. A negative control (water) and a known positive control (M. bovis) were included in each PCR test. Thermocycling consisted of an initial denaturation step at 94 C for 45 sec and, then 30 cycles of the following sequence: 94 C for 30 sec, 55 C for 2 min, and 72 C for 1 min, with a final extension at 72 C for 5 min. In the nested reaction, concentrations remained the same as those of the flank, and 1 l of the flank product was added to the second round of amplification. Thermocycling was increased from 30 to 34 cycles. Reaction products were detected using 1.5% agarose in 0.5 M Tris-borateethylenediaminetetraacetic acid buffer and visualized with ethidium bromide staining and ultraviolet illumination.
Results
Sample selection. Amplification of M. bovis sequences from milk of infected cows, chloroform-extracted milk, 24-hour enrichment broth, or dilutions of these showed that the best PCR template was a dilution of the 24-hour enrichment broth (Table 1 ; Fig. 1 ). Diluted samples (1:50) of enrichment broth were used for subsequent PCR assays.
Comparison of PCR and culture for M. bovis. PCR was more sensitive than culture for detection of M. bovis. Of 1,363 enrichment broth cultures for Mycoplasma in cow's milk, PCR detected M. bovis DNA in 101 that were also positive by culture and in 12 that were culture negative. In these 12 cases, PCR was determined to be correct because the specimens that were positive by PCR and negative by culture were positive for M. bovis upon subsequent culturing of the same cow. Four samples were positive by culture and negative by PCR. These were not investigated further. In comparison with culture, PCR had a sensitivity of 96.2% and specificity of 99.1%. Similar results were found with bulk milk tank cultures ( Table 2 ).
The PCR test was unaffected by the presence of coliforms (especially Eschericia coli), environmental Streptococcus spp., or coagulase-negative Staphylococcus sp. Samples with significant numbers of these organisms by culture (Ͼ100,000 colony-forming units [CFU]/ml) produced expected Mycoplasma PCR results.
Mycoplasma species identification. Size differences in the amplified PCR products were used to differentiate bovine Mycoplasma species. Species uniquely distinguished by either flank or nested product size (Fig. 2) were M. bovis, M. canadense, M. californicum, M. bovigenitalium, and M. alkalescens, species that are commonly encountered in mastitic milk. In addition, M. arginini, M. bovirhinis, M. bovoculi, M. alvi, M. dispar, and M. verecundum also gave unique PCR products either in the nested or flank procedure (data not shown). The nested PCR product of M. bovis, the organism of greatest concern, was 210 bp.
The identification of Mycoplasma species was investigated in 2 disease outbreaks, one caused by M. bovis and the other caused by M. californicum (Fig.  3) . In both cases, the agent was identified in the enrichment broth by the size difference in the nested PCR bands. These 2 species had the most similar nest- ed PCR bands (210 bp vs. 215 bp, respectively), but each could be readily distinguished.
Discussion
The application of this PCR protocol allowed for the detection and determination of Mycoplasma species involved in mastitis outbreaks. The number of species of Mycoplasma that could be identified with this PCR was extended from the original description of 12 species 13 by an additional 9 species that predominantly infect cattle. These primers probably will be useful for many additional Mycoplasma species from other animal hosts.
The sensitivity and specificity from the PCR test were satisfactory for detection of Mycoplasma in both milk from IMI and from dairy bulk milk tanks. Milk from cows with IMI is often abnormal, with high numbers of inflammatory cells and/or other bacteria, and the PCR test performed well in these circumstances.
The use of milk directly in PCR tests has been problematic, and nucleic acid extraction procedures do not perform well for Mycoplasma DNA from milk. 3, 8 The use of diluted enrichment broth may alleviate these problems and simultaneously increase sensitivity.
In bulk tank milk, Mycoplasma was present in low numbers, and the PCR was equally sensitive and specific in this circumstance. In many instances in this study, the Mycoplasma infections were subclinical or chronic, yielding low counts (10 2 -10 3 CFU/ml) even after enrichment, but the PCR test was still applicable. The sensitivity of PCR with enrichment broth has also been demonstrated with primers specific for M. bovis species. 1 An important diagnostic concern is the time required to obtain results. 14 Initially, if a Mycoplasma species is detected within a bulk milk tank by PCR, the causative species can be identified, allowing for further investigation toward control of the infection in individual cows. Individual cows can be tested, and the reduction in detection time may prevent further spread of the organism through a herd. The use of enrichment culture and PCR reduced detection time from 5 to 1-2 days, although the hands-on requirements for PCR exceed those required for culture when testing large number of samples.
There are also benefits in determining the species involved. In this study, 2 species, M. bovis and M. californicum, were detected; both are associated with mastitis. 6, 9, 10 Other contaminating Mycoplasma species may be detected, leading to differing interpretations. Although both M. bovis and M. californicum produce nested PCR band of similar sizes, they are distinguishable when analyzed in adjacent wells of the agarose, and therefore 2 positive controls were used: M. bovis and M. californicum. 
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